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In the case nt' ihc coin ciUioiial catadiopti ic >>slc!n.s. 
;uliu>Miicnt ua^ dillKuil because nt' ccccntiicity nl t>ptical axis, 
aiui tlnis, imagc-toi iihiil: pLTlonnariCc as dcsiiincti v. as raiciv 
able to be achieved, hi coiUrast, the catadiuptnc projctiioii 
uplieal system according lo the piesent imeiiuoii permits 
independent adjustmenl ol ihe tlrst iniaLie-t'urrmni: tiplical system 
and :bc .second iinaLie-lorminL: optical sss'.ein. and atler l!ie 
adiu:iinicnt the two nnagc-rormir^,^: optica! s;, :,tc;ns n;a>- be set 
uiili the optical axis approximately \ertical. uhich tacilUales 
adjustinent ot~ecceiUricit> etc 

Since lliC nnaiie niagmficatioii hy vac tii:>t miaiic-toniiini: 
optical s>steni can be Ireelv selecied. an c.xeellent optical 
j)ei tormance state can be realized. 

In this case, an ad\ anlagc oTa lurlher si/.e reduction ot'tbe 
beam sphtter can be attamed b\ tornnng the mtei mediate image 
m.sidc the jirism tyjie beam splitter. 

Next, because the second caladu>ptne ['rojection optical 
system ol'ldCh 17 is so arranged that the image is once formed 
between the conea\e. ietlecti\e mirror and die second plane 
( image plane), tlici e are ad\ antages tlial a coir.pact partial mirror 
can be used and that the optical path between the conca\e, 
retlective minor and the image plane can be .>et K>ng, Further, 
when the partial mirror is used, the best image region is, tor 
example, arcuate or slit as eccentric from the 0i)lical axis. Such 
an image region is su liable tor the projection exposure apparatus 
of t tie scanning exposure method. 

Next, when the ct)nditions of etjuations { 1 ,i to (}) are 
satistled. the i^et/val sum of the total optical system readily 
becomes n early* ). so that the projection image surtace becomes 
approximately ilat. I-utther. when the conditions of equations (4 ) 
and (5) are sati.stled. a niagni I ication balance becomes 
reasonable, and the optical system can be easily constructed. 

hi om tlie iin enlion thus described, it w ill be uln ious that tlie 
nn'cntiDn may be \ai icd m man> wa\s. Sucb \ aria:ions are not 
to be regardec as a Lle[>afture iVom the spirit and scope of the 
invention, and all such modifications as would be obvious to t)ne 
skilled m the art are intended to be included within the scope of 
the tbllovMng claims I'he basic Japanese Application No. b- 
9()S.w tiled on Apt. 2S, I'J'M is hereb\ incorporated In 
i"efei"ence. 

, What IS claimed is: 
.J 1 . A catadioptnc juojeetion optical system lor projecting an 
image td'a pattern of a first surtace onto a second surtace, said 
eatadioplric projection optical system comprising: 

a tlrst image- torming optical system for forming an 
intermediate image of the pattern of said first surface, said 
tirsi image-ioi niing optical ,s\stein including 
a first group with a jiositue refractive power, comprising 
a refract i\e iens component, tor convetging a hgiit 
beam from the pattern ot'said first surface, 
a second groLip with a jHisitive retractive p<nver. com- 
[^rising a conca\ e. retlectue mirror for rctlectmg a light 
beam Irom saiii first gioun. tor torming said 
intermediate image t)f the pattern of said tlrst surtace. 
and 

a beam splitting optical system tor changing a traveling 
direction tif one of a light beam tYom saiti frst group 
and a rellected light beam from said concave, rcfectu c 
mirror; and 

a second image- forming optical system tor tonnmg an 
nv.agc of said mtemiediate image on said second 
M.rlace. 

2 A catadio[)ti ic [imjcction optical sysient accoidmg to claim 
1. wherein said beam splitting optical system is 
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IS 

tlclmcd as a beam .sjililicr of \^hK■h a i)uain spiillcr Miilacc 
ai I aiii:uti obliqiic;> to an optical avi.s nt' saui Iiisl ^loup, saki 
hcain sp! liter disposed nn tlic optical axis oj said in si grou[) and 
provided on the optical path hctuccn saui concave. :enective 
nnnoi and said second 1 1 iiagc- 1 on iiiny I'ptical s_\ stem 

3 A caladioi)li ic pi ojcction optical s\ stem aceoitlm^ to claim 

1 , w herein 

saul beam splitting o[)lieal system iS deluietl as a partial 
mirror of which a {n"st rctlecti\c surlacc i> arranged 
obliqucK It) an optical aAis of said fir^t group, >aui partial 
mirror pro\ idcd between said tnst gr^iup and said second 
gi oup so as to a\ oid being tlispo^ed on the optical axis of 
said llrst grou]h ami w hcrem 

the Iigl'.t beam coiu erged by said second group is guided to 
said second iniage-tonr.mg optical s>stem h> a second 
rellcciiNC surface of said partial ir.trror. said second 
lellcctue surface neing opposite to ^aid fir.st retiecti\e 
surlace of said partial muTor. 

4 A caladioptrie projection optical system aectirding to claim 

2, u herein 

said beam splitter is a prism-type sha'.)ed 

5 A cataduipti ic pi oiection optical s;v steiii according to claim 
4, w herein 

said beam splitter is one of a polarizing beam splitter and 
a partially-reneclive beam splitter. 
V (->. A catadioptric projection optical system for proj cctmti an 
image of a paltcrn of a llrst surtace onto a second surface. 
comjiriMng a tlrst image- forming optical system for forniing an 
intermediate image of the pattern of said tirst surface, and a 
second image-forming optical system for fc.rming an image of 
said intermediate image on said second surface, wherein said 
tlr.st image-tbrmmg optual sy>tem includes: 

a first group w itli a posri\ e refractu e power, comprising 
a rerraclive leii eom[)oncnt. (oi convcigiiig a liglil 
beam troin the pattern ol'said first surface, 
a beam s})utler for separating a part of a light tieam from 
said first group by a beam-splitter surface arranged 
obliquely tt> an optical axis of said first gioup, said 
beam splitter disposed on the optical axis of said first 
group; and 

a second group v\ ith a pC'Silive retractive power, compris- 
mg a cor,ca\e, reflective minor tor reflecting the hght 
beam separated by sa d beam splitter, for forming satd 
mtennediate image of the pattern between the eoneav'c. 
leilective nun t)r and the sectmd imagc-lorming optical 
system, said beam splitter provided between said 
conca\"e, reflective mirror and said second image- 
forming optical :->\stem 
7 .'\ catadioptric projection optical system acct)rtbng to claim 
(). wherein 

said beam splitter is a pri ;m-type shaped, and said inter- 
mediate image of the pattern of said first surface is formed 
inside saui beam >jilitter. 
S ,\ catadioptric projection optical sy stem according to claim 
(). w hei ein 

the follow ing conditions are satisfied: 

p ■ p. -I), p.- n, anJ p. * p. -p. ■ '* 1 . 

where p.. p-. and \) , are mdnidual I^et/Aal's sums id" said first 
group, second grtuiji, and second image- forming ojitical system; 
and 

^vliciein the following conditions are satistlcel. 
1- . - i'.^ and I' \S. ' 1. 




uhcic \] . IS a nKignillcalion ol' I'loni llic patleni ou said tlisl 
suitacc to said iiitL'itiiL'diatc linage' am] {\, \s a magni ficatuin ut" 
linni Naid iiucitncdialc iniagu U) said image on the scconc] 
surlacc. 

'■). A catadmptric piojcction optical :i> stem accotdiiig \o claim 
7. whciciii 

said beam splitter is one of a polan/mg beam splittci and a 
pailially-rellective beam sjilittcr. 
^ 10. A catatiioptne projection optical system tor projceling an 
image ot" a patlcrn of a first surface onto a second surface, 
comprising a tlrst image-tbrmmg optical system for foriinngan 
iiiteniiediate image of the pattern of said first surtace, and a 
second image-tbi ining optical sN sterr. for loiming an image ol 
said intermediate image on said secotul siirtace. wherein said 
In st miage-forming optical system includes: 

a (list grtujp with a positive refiacti\e power, comprising a 
refraeti\ e lens component, for con\ erging a hglu beam 
fjoni the pattern of said lirst surface; 
a partial nniTor for separating a part ot' alight beam Irom said 
tirst group by a tnst retlectne surface arranged obliquely 
to an optical axis of said first group, said partial mimir- 
positioned so as to avt)id heing disposed on the optica! axis 
of said frst group: anti 
a second group of a positive refractive power, comprising a 
concave, rellective miiTor tor retlecting the light beam of 
which the part is separated by said first re fleet ive surtace 
of said partial mirror, for forming said intermediate image 
of the pattern betw een said concave, rellective mirror and 
VI id second image- t'ornnng optical s\stem, said partial 
miiTOr pro\ ided between said lust group and said second 
group, 

wherein the hght beam convcrgctl by said second group is 
guided to saul second image-tormmg ojitical system by a 
.".econd retlectue surficc of said partial minor, said second 
rellective surface being op[)o.>,ue to ^aid tlrst rellective 
surface of >aid pLirtial mirror. 

11 A catadioptric projection optical svstem according to 
claim 10. wherein 

the following conditions are satisfied: 

Pi ' p. P. ^'ii'J P;"P,*P.:' ' • 

where p.. p.. and p, are individual Petzval's sums of said llrU 
grou[), seconti group, and second image-fomnng optical system, 
and 

w herein the tolloumg conditions aie satistled: 

U. 1- fi , ■ (I S and n.2s- [f ■ 2. 

where fi,, is a inagnillcation of from the pattern on said tlr:.! 
>urface ti) said intermediate image and [i, is a magnification td' 
from said intermediate image to said image on the second 
surface. 

12. An exposure ap]iaralus compri>tng: 

a stage allowing a iihotosensitive >uhstrate to be held on a 
main surlace thereof, 

ar, dlummation optical system lor emitting exposure light of 
a predetermined wavelength and transferring a pre- 
determined pattern ot"a mask onto said substrate: and 

a caladioptnc projection optical system provided between a 
surt'ace on which the mask is disposed and said substrate, 
for proicctmg an image of the pattern of ,sa;t.l mask oiTui 
said sub>lrate, said catadioptric proicction oj)lical sv.^tcm 
including: 

l1 fr;>t image-forming optical system !or forming an 
interniediale image cd' the pattern ol'.said mask, said Inst 
image-forming optical system havnig 
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11 tust gioLjp With l1 posit i\c icti active powci. eompiising 
d iL'ti active lens eoDiptiiient, lor emneigiiig a iijjlu 
lieain luiin ttie [Xittem ot saui mask. 

a seeuiul giiUJp with a posilue letiaelive pnwei'. 
cuniprismg a concav e, relleclive nun oi lor tellectmg a 
liglit beam tioni said first group, lor forming said 
intermediate image ot~the pallern oi'saul mask; and 

a beam splitting optical system tor changing a travehng 
direction ol'one of a light beam from said tlrsl grtiup 
and a letlected hght trom said concave, rellective 
mirror; and 

a second image- forming optical svstcm tor lomimg an 
image of said intcrnK diatc image on said substrate. 

1 3 An exposure apparatus according io claim 1 2. w herein 

said beam sphttmg optical systciTi is detlned as a beam splitter 
ot' vv hich a beam splitter surface is arranged obliquely to an 
optical axis ot said tlrst group, said beam splitter disposed 
on the t>ptical axis of said first grouj) ar.d provid.ed on the 
optical path between said concave, renective nurrtir and 
saui second imagc-formtng optical system. 

14. An exposure apparatus according to claim 12, vvlicrcin 

said beam splitting optica! svstem is detlned as a partial 
mirror of which a llrst rvnective surtace is arranged 
obliquely to an optical as.is ol'said first group, said partial 
muTor provided between said tlrst group and said second 
group so as to avoid being disposed on the optical axis of 
said llrst group, and wherein 

the light heant converged by said second group is guided to 
said second image-forming optical system by a second 
retlective surtace of said partial mirror, said second 
retlective surtace being ojiposite to said llrst retlective 
surface of said partial mirror. 

1 An exposure apparatus accorxiing to claim 13, wherein 

said beam splitter is a prism -type shajied. 

U). An exposure api)aratus according to claim 15, w herein 

said beam splitter is one of a polarizing beam splitter and a 
partially-retlective beam splitter. 

17. An cxposui-e apparatus comprising: 

a stage allowing a photosensitive substrate tt) be held on a 
main surface thereof 

an .liummation ojjtieal system for enntting exposure light of 
a predetermined wavelength and transferring a pre- 
determined pattern of a mask onto the substrate: and 

a cat;idioptnc projection optical system provuieti between a 
surface on which said mask is disposed and said substrate, 
for projecting an image of the pattern of said mask onto 
saitl substrate, comprising a first image-fomiing optical 
system for forming an intermediate image of the pattern of 
said mask, anti a second image-formir.g ojitical system tor 
forming an image of said intermediate ;m.age on, said 
si.ihstr;ite, wherein said first image- firming optical system 
includes: 

a first group with a positive retractive power, ccniipnsmg 
a retractive lens comjioneiit, lor converging a light 
beam from the pattern of said mask, 

a beam splitter for sefiaratmg a pari (d' alight beam trom 
saiti first groufi by a beam-splitter surface .irranged 
obliqueiv' to an optical axis of said lust gioup, said 
beam splitter disposed on the optical axis of said llrst 
group, and 

a second group with a positive retractive power, com- 
prising a concave, retlective miiTor tor rellecting the 
hglit lieam separated h\ said beam splitter, U)y tonti- 




in^ saui mlcniicdiutc iiiuigcorihc patlcrn bclwcun llic 
concave, ictlccti\e niiiior and lliu second nn.iiic— 
toiiiiing optical >.>>tcm, said beam spullct pnuidcd 
hcUvccn said concave, ictlcctis e nin ror and said second 
iniage-toMriUig optical ,s\slcm 
IS An e.\posL]!c ajipaiatus accoidinii to claim 17, wherein 
said beam sjilitler is a prisn:-t\iie siiaped, and said mlcr- 
niediatc miageot'llie pallern ot said Hist surl'acc ts formed 
mside said beam splitter 

1 'J. .\u c\])osuvc appaiatus according to claim 1 7, u herein the 
tollouing conditions are satistled: 

p. * p p. o. and p - p_- p. 'I 1 , 

uhere p., p.. and p, are induidual I*et/va!'s sums of said lltsl 
group, second group, and second image-forming optical 
s\ stem; and 

ulieiein tlie follosMng conditions arc sat:>tled: 

t).l- [V. and <:.2<- fi. ■ 2. 

where [i. , is a inagnillcatmn o!"lVom the pattern on said tlrst 
surface to said intermediate image and [y. is a niagni!";catio:i 
of from said intermediate image to said image on the second 
surface 

20 An exposure apparatus according to claim 18, wherein 
said beam i^puUcr is one of a polarizing beam s])litter and a 
partially-retlcctive beam splitter, 

2 1 An exposure apparatus comjirismg; 

a stage allowing a photosensili\ e substrate to be held on a 
mam surt'ace thereof; 

an illumination optical SNStem for emitting exposure light of 
a predetermined v\a\elength and tiansfemng a pre- 
determined pattern of a mask onto the sub>trate; and 

a catadioptrie projection optical systeni pro\ ided between a 
surface on which said mask is Liisposed and said substrate, 
for projecting an image (^f the pattern of said mask onto 
said substrate. com])nsing a tlrst image-toi ming optical 
system for forming an inteiTncdiatc image of the pattern of 
said mask, and a second iniage-fomung optical system 
forming an image of said intermediate image on said 
substrate, u herein said first image-toi iiung optical ss ster i 
includes: 

a first group with a ptisitive retractive power, comprising 
a retractive len.s ctintponent, for converging a liglii 
tieam fiDm the pattern of said mask; 

a partial mirror for separating a part of a light beam tVoin 
said tust group bv a tlrst retlective surface arrangCiJ 
obliquely to .m optical axis of said first group, said 
partial miiTor positioned so as to avoitl being disposci.l 
on the optical axis of said tust group; and 

a ^ccimd gioup of a positive refractive power. cnmpri_sm_' 
a concav e, relleetu e mirror for reflecting the light beam 
of which the pan is separatetl by said first lellectivc 
surface of said partial mirror, for forming .^ai-.i 
intermediate imageof the pattern between saui concave, 
rellectiv e mirror and said second image-formmg optical 
svstem, said jiarlial mirror provitied between said first 
group ar.d said second group. 

vs herein the light beam converged by said second group is 
guided to saui seccmd image-forming optical sv stem b. 
a second reflective surface of said partial mirror, said 
second reflective surface being opposite to said first 
reflective surface t^t'said partial mirror. 
22 .An exposare apparatus according to claim 21, wherein 
the following conditions are .satisfied: 




ulicic P . p,, aiul p, aic iiuliVKlual I'ct/A.il's slji)i> ol'saui first 
III uiip. sccontl gi uiip, iind scconci iniaizf - tt)i niing optical ^ystc^l; 
aiul 

herein the i'ollouiiij: eondituuis aic satisfied: 

0 ]■ ■ I) s jrid [i. ■ 

uhere [i,. ts a niagiiinealion of tVoni the pattern on said first 
Mil lace io said inteniiedKite image anil [i, is a niagnitlcation of 
;ro:ii .^aid intermediate image to said image or^, tlie second 
si)i!ace. 

, 2} A catadioptric jiroieetion optical >\stei'n lot piojeeting an 
image of a pattern of a first surface onto a sectind surtaee, said 
catadioptric projection optical system comprising a tlrst image- 
forming optical system, a second image- forming optical system, 
and a i:»artial mirror, v\ herein 

>aid first image-torming optical system includes: 

a first group with a positue relractne power, saul first 

group comprising a refractive lens component; and 
a second grouji wiih a [ncgatu e] jiosUTye retractn e power, 
said sccoikI gioup cumpiismg a conca\c, retlectiee 
minor, 

said second image-fbrming optical system includes a 
refractive lens component and an aperture stop. 

light from said first surface passes through m order said 
first group, said second group, said partial mirror, and 
said second image-foi-mmg optical s\ stem and 
thereafter said light reaches said second surface. 

said partial mirror is positioned so as to avoid disposing on 
an optical path of light that tra% els from said first group 
to said second group and is disposed on an o[nical path 
of light that travels from saii: second group to said 
second image- forming optical system, ant! 

an intermediate image of saul pattern of saul first surface 
is lV>noed at a predelermined position of said o[)tical 
path of light that travels from said seconti gi iuip to said 
second image- forming optical .system. 
24 A catadioptric prtijection optical system according to 
claim 23, wherein 

the following conditions arc satisfied: 

P r P ■ p.' '^ti J Pi * p, ' ! . 

w licte P., p,, and p, arc individual Pct/val's sums of said fust 
group, second group, and second image-forming optical system; 
aiul 

w herein the tollow mg conditions are satisfied: 
ft. !■ |i , ■ O S aiKi 0.25- \\. ■ 

v\heie \]. . IS a magnification of from the pattein on said first 
surlace U) said intermediate image and {), is a inagn i ficatum of 
tlom said mtermeLiiate image to said image on the second 
surface. 

2> A fabricating de\ ice method compi ising 
preiKii ing a m;isk w itli a predeterimiied jxittern: 
illuminating saui mask with exposure light ha\ing a 

predetermined wavelength; and 
project :ng a secondary image of said pattern tuito a 

pliotosensiti\'e substrate through a catadioptric optical 

>\ stem according to claim 1 




proiCLiutn exposure apparatus that translcis a paUci n on a 
mask onto a sul>stratc. compnsin.iz: 

a Ins! inia.mn,^ optical sub- s\ stem arranged in an optical 
path between the mask and tlic substrate, said llrsl iinatjinti 
optical sub-svstem comprism.^ 

a lirst .iiroup with a lens, and 
a second .^roup w ith a conca\ c mimir. 
wherein said tlrst inia^intz optical sub-svsteni 
t\)rnis an intermediate ima^e of the pattern; 

a second imamnu optica! sub-system arranged in an 
optical path between said first imaiime optical suh-svstem and 
the subslrate. wherein said second ima.iim.ij optical sub-svstem 
I'ornis an imaiie ol'the interniediatc ima^c on the substrate: and 

an (n>tical path dellectini: member arran.ijed betuecn said 
tirsl .uroup and said second eroup of said llrst ima.iiin.i: optical 
sub-systenh w herein said oi^ical path detlectnyj nien:iber 
chan.izes a direction ol'eithcr a li.eht beam from said llrst eroup 
or a light beam retleeted bv the concave mirror. 

27. A catadioptric iniauing optkal svstem accordin.e to 
claim 26. wherein said second ima.ein.ii sub-svstem comprises 
an optical axis alon.e a strai.iihl hne. 

2S. A catadioi^riL imaumiz optkal svstem accorchnij to 
claim 27. w herein said tlrst gix^up has an optical axis, and 
wherein said optical path detlectmg member comprises a beam 
splitter surface that is inclined w ith respect to the optical a.xis 
o\' said tlrst group. 

29. A catadioptric imaging optical svstem according 
claim 28. wherein said optical path defecting member 
ct^mprises a pnsm-tvpe beam splitter. 

30. A catadioptriL imaging optical svstem according to 
claim 27. wherein said tlrst group has an optical axis, u herein 
said optical path dellecting member comprises a reilection 
member that is arranged at a region not including the optical 
axis of said tlrst group, and wherein the retlection member 
comprises a retlection surface inclined with respect to the 
optical axis of said llrst grc^up. 

} 1 A catadun^t'ic imaging optical svstem according t(^ 
claim 2~. wherein said tlrst group has a positi\e refracti\e 
power and said second group has a p0Mti\e power. 

32- A catadioptric imaging c^ptical svstem according to 
claim 26. wherein the I'ollowing conditions are satislled: 




11 1- t^ .^ - n.5. and 
0 25- [i . ■ 2. 

u hciL' 

p ■ p. and p, arc indn idual IVt/saTs sums cifsaid llist 
tzroup- said SL'cond UR^up. and said scccMid ima^iinu optical 
system. 

|i. , is a n^a.ijnillcation of an optical svstcm p(^sUic>ncd in 
an optical i)ath Worn the mask to the intermediate imaizc. and 
IS a maiznillcation of an cnHical system posititMicd m 
an optical path Uom the intermediate ima^e to the substrate. 

A projection exposure apparatus that transfers a 
pattern on a mask onto a substrate, comprising: 

a catadioptric ima.izinK optical system accordm.iz to clain:! 
26. vviiercin said eatadioptric imajiin.LZ optical system forms an 
exposure region at a position out of an optical axis of said 
second inia^in^ sub-system. 

34. A proiection exposure apparatus accordmu to claini 
31. t herein the reticle and 

the substrate are scanned at dii'ferent speeds correspond iniz to 
the ma^nificaticMt of said catadioptric i mailing optical system. 

J 35. A method of imaem.Li a pattern on a mask onto a 
substrate. ec)mprisin.Lz: 

^luidmu a li^ht from the mask to a Urst group, wherein 
the Hrst group comprises a lens; 

guiding the light from the tlrst group to a second group, 
wherein the second group comprises a concas e mirror: 

forming an intermediate image of the pattern based on 
the light frt)m the second group; 

guiding the light from the intermediate image to a 
dioptric imaging sub-system: 

forming an image of the intermediate image on the 
substrate based on the light from the dioptric imaging sub- 
system: and 

cliangmg a direction of either the light beam from the 
tlrst gr(ujp or the light beam retlccted by tlie conca\ e mirror, 
in a space bet\yeen the tlrst group and the second grou[^. 



